With the aim of connecting the compositions of stars and planets, we present the abundances of carbon and oxygen, as well as iron and nickel, for the transiting exoplanet host star XO-2N and its wide-separation binary companion XO-2S. 
Introduction
Although theory and observations indicate that host-star composition affects planetary evolution, the physical processes responsible are not well understood. Until recently, investigations of the chemical connection between stars and planets were limited to measurements of the host star abundances. One of the most prominent findings is that the (solar-type) host stars of large, closely orbiting (hot Jupiter) exoplanets are more metal-rich than (solar-type) stars without detected gas giant exoplanets (e.g., Gonzalez et al. 1998; Santos et al. 2004; Fischer & Valenti 2005) . However, the host star metallicity trend is weaker for Neptune-sized planets (e.g., Ghezzi et al. 2010 ) and has been found to not hold for terrestrial-sized planets , whose host stars show a wide range of metallicities.
With the discovery of transiting exoplanets, planetary atmospheres themselves can be observed, and their compositions determined. Indeed, the Hubble Space Telescope and Spitzer Space Telescope have been used to detect the most abundant molecules (H 2 O, CO, CH 4 , CO 2 ) in the atmospheres of several of the brightest transiting planets (e.g., Tinetti et al. 2007; Swain et al. 2008; Dèsert et al. 2009 ). Measurements of both stellar and exoplanetary atmospheres combined provide valuable insight into planet formation processes. The ratio of carbon to oxygen is important to interpreting hot Jupiter exoplanet spectra because they are dominated by the main carbon-and oxygen-containing molecules and particularly sensitive to different chemistry induced by different C/O ratios. In thermochemical equilibrium, at the temperatures and pressures characteristic of gas giant atmospheres, a high C/O ratio causes differences in the partitioning of C and O among H 2 O, CO, CH 4 , CO 2 compared to that expected in solar abundance atmospheres (C/O ⊙ =0.55±0.10; Asplund et al. 2009; Caffau et al. 2011 ) (Kuchner & Seager 2005; Kopparapu et al. 2012; Madhusudhan 2012 ). This in turn affects the composition and thermal structure, and therefore spectral signatures, of exoplanet atmospheres. Currently a number of teams are working towards establishing the C/O ratios of transiting exoplanets (e.g., Madhusudhan 2012) . Observations of the host stars are needed to interpret the exoplanet observations in the context of the elemental composition of each star-planet system.
The C/O ratio of an exoplanet can also give clues as to where in the protoplanetary disk it formed (Stevenson & Lunine 1988; Öberg et al. 2011) . Observations indicate that disks are inhomogenous in physical structure and composition (e.g., Bergin 2011), but that in particular carbon and oxygen in a planet's atmosphere could be indicative of its starting orbital position and evolution (Öberg et al. 2011) . Some studies suggest that a planet may also affect the elemental composition of the host star (e.g., Meléndez et al. 2009; Ramírez et al. 2009 ). It is important to be able to isolate these two potential effects -the effect of the planet on the star's elemental abundances, and the starting (or unperturbed) abundance of the system from which one can study a planet's origin and evolution. Studies of binary star systems, as conducted here, provide a method for decoupling these two potential effects.
Reported in this paper are the C/O 1 ratios of a transiting exoplanet host star and its binary companion. We describe the XO-2 binary system, which consists of the hot Jupiter host XO-2N, and its companion XO-2S, located ∼4600 AU away and not known to host a Hot Jupiter-type planet (Burke et al. 2007 ). The hot Jupiter XO-2b has an M×sini of 0.62±0.02 M J 2 (Narita et al. 2011 ), a radius of 0.97±0.03 R J (Burke et al. 2007) , and orbits at ∼0.04 AU from XO-2N. The exoplanet XO-2b is one of the best characterized bodies outside the solar system, studied extensively with HST and Spitzer (e.g., Machalek et al. 2009; Crouzet et al. 2012 ). We perform a stellar abundance analysis of both binary components to investigate the potential chemical effects of exoplanet formation.
Observations and Data Reduction
Observations of XO-2N and XO-2S were conducted during two half-nights, February 10 and 11 2012 (UT), with the 8.2 m Subaru Telescope using the High Dispersion Spectrograph (HDS; Noguchi et al. 2002) . Spectra of the Sun (as reflected moonlight) were taken the first night, and spectra of a telluric standard (HR 6618) were taken on both nights. A 0."6 slit width was used, providing a resolution of R = λ ∆λ = 60, 000, with two-pixel binning in the cross-dispersion direction and no binning in the dispersion direction. Across the two detectors, wavelength coverage of the spectra is ∼4450Å-5660Å and ∼5860Å-7100Å. The signal-to-noise (S/N) ratios in the combined frames ranged from ∼170-230. The raw data were reduced using standard techniques within the IRAF 3 software package.
Abundance Analysis and Results
Stellar parameters (T eff , log g, microturbulence [ξ] ) and elemental abundance ratios were derived following the procedures in Schuler et al. (2011a) and Cunha et al. (1998) .
We used the spectra themselves to determine the parameters by forcing zero correlation respectively. The change in T eff or ξ required to cause a correlation coefficient r significant at the 1σ level was adopted as the uncertainty in these parameters. The uncertainty in log g was calculated differently, through an iterative process described in detail in Baubar & King (2010) and outlined in Schuler et al. (2011a) .
There are two components to the uncertainties in the derived elemental abundancesone from stellar parameter errors and one from the dispersion in the abundances derived from different elemental absorption lines. To determine the uncertainty due to the stellar parameters, the sensitivity of the abundance to each parameter was calculated for changes of ±150 K in T eff , ±0.25 dex in log g, and ±0.30km s −1 in ξ. The final uncertainty due to each parameter is then the product of this sensitivity and the corresponding parameter uncertainty (as described above). The second uncertainty component is parameterized with the uncertainty in the mean, σ µ 6 , for the abundances derived from the averaging of multiple lines. Then the total uncertainty for each abundance (σ tot ) is the quadratic sum of the (3) individual parameter uncertainties and σ µ .
The equivalent width measurements from our analysis are shown in Table 1 , along In addition to our results, Table 2 
Discussion
XO-2 stands out among transiting exoplanet systems because its host star, XO-2N, is in a wide binary. XO-2S, without a large, close-in planet, can be studied to determine the composition of the unperturbed environment in which these stars and planet(s) formed.
We find that XO-2S and XO-2N are similar in their physical properties (with XO-2S being slightly more massive based on T eff and log g), as well as [Fe/H] Table 2 ), though within errors they also overlap. 
Conclusions
We present an abundance analysis for the transiting exoplanet host star XO-2N and its wide-separation binary companion XO-2S. The two stars are found to be similar in their physical and chemical properties, and both enhanced above solar in carbon and oxygen, with C/O∼0.6. Insight into why XO-2N hosts a transiting hot Jupiter, and XO-2S does not, may be revealed by the atmospheric composition and C/O ratio of the planet, which is currently being constrained with observations recorded during the its primary/secondary eclipse (e.g., Machalek et al. 2009; Crouzet et al. 2012 A portion is shown here for guidance regarding its form and content. Table 2 ). Black solid lines show the solar values.
